Abou El-Magd et al. (2014) mentioned that the Sids 40 plants gave the higher yield, than Balady garlic. On the contrary, El-Shabasi (2001) and Abdel-Razzak and El-Sharkawy (2013) reported that garlic yield of Balady was significantly higher than Sids 40.
Nitrogen (N) isessential for synthesisofchlorophyll, enzymes and proteins. Phosphorus (P) is essential for root growth and phosphoproteins, phospholipids, ATP and ADP formation. The use of mineral (chemical) fertilizers without rationalization maycause environmental pollution, as well as, underground watercontamination. For these reasons, there was a great attention to the usage of biofertilizers (microbial inoculation) in plant production in order to reduce the usage of mineral fertilizers,improve the soil chemical properties, and to reduce plant, soil and underground water contamination with different elements. Biofertilizers, which contain efficient strains of nitrogen fixing, and phosphate solubilizing bacteria could be used instead of chemical fertilizers. Furthermore, these bacterial cells increase the availability of nutrients in soil, which can be easily assimilated by plants (SubbaRao, 1993) . Nitrobein is the commercial biofertilizers that give the same effect of full dose ofmineral nitrogen application (Tawfik, 2008) . Furthermore, phosphorein partially overcomes the phosphate fixation problem in calcareous soil (Han and Lee, 2005) .
Biochar is an organic amendment produced by the process called pyrolysis, which is the burning of plant biomass in a limited oxygen environment. Researches on field crops production system have shown promising results with biochar treatment, but the research on vegetablesis scarce. Biocharhas beenfound to reduce fertilizers need, and tomaintain or improve crop productivity. Moreover, biochar addition to mineral fertilizers significantly increased plant growth, compared to mineral fertilizer alone (Schulz and Glaser, 2012 , Biederman and Harpole, 2013 ,Crane-Droesh et al., 2013 , and also improve the water availability and retention properties of both sandy and clay soils (Jha et al., 2010 , Jeffery et al., 2011 and Sun & Lu, 2014 . In addition, biochar can be used for enhancing soil water storage which may increase crop productivity. In this respect, using biochar with tomato positively enhanced plant height and leaf size . Furthermore, addition of biochar increased the soil moisture contents, which consequently improved physiology, yield, and quality of tomato, as compared with the non biochar applications (Akhtaret al., 2014) . Biochar increased the final biomass, root biomass, plant height and number of leaves of lettuce and cabbage plants (Carter et al., 2013) . Biochar improves fertility of the soil, improvenutrient and water use efficiencies and also has the potential to mitigate climate change by sequestering carbon into soils (Hale, 2014) .
The objectiveof this study was to determine the suitable combination of mineral NP, biofertilizers (Nitrobein and Phosphorein) and biochar to obtain high yield with good quality of garlic crop. In additionthe possibility of reducing the inputs of chemical fertilizers was studied to produce safe and clean crop of garlic under sandy soil conditions.
Material and Methods
This study was carried out during the two successive seasons of 2014/2015 and 2015/2016 at El-Kassasein Horticulture Experimental Farm, Ismailia Governorate, Egypt, Horticulture Research Institute, Agricultural Research Center to investigate the effect of the mineral NP combination, biofertilizers and biochar on the production of the two garlic cultivars; Balady and Sids 40 grown in sandy soil conditions under drip irrigation system. Random soil samples from the experimental field location, as well as the used biochar were analyzed according to the methods described by Jackson (1970) at the beginning of the experiment in the two seasons to determine the physical and chemical properties (Table 1) . These treatments were arranged in a split plot design with 3 replications. The cultivars were arranged in the main plots and the combinations among mineral NP, biofertilizers and biochar were assigned in the sub plots.Garlic cloves of the 2 cultivars were selected for uniformity in the shape and size. Biofertilizers were mixed with wet cloves by adding Arabic Gum solutions before cloves planting. The treated cloves were directly planted in the same day. The used biofertilizers were Nitrobein contains Azotobacter sp., as a nitrogen fixing bacteria; while Phosphorein contains Bacillus megatherium, as a phosphate dissolving bacteria. TheNitrobein and Phosphorein were obtained from the General Organization for Agriculture Equalization Fund (GOAEF), Ministry of Agriculture, Egypt. All amount of biochar (3 m 3 /fed.)was added during the soil preparation in the center of row and covered by sand.
The experimental unit area was 12.6 m 2 which contained 3 dripper lines (30 cm distance between drippers) with 7 m length and 60 cm between rows. One dripper line was used for the samples to measure vegetative growth and the other two dripper lines were used for yield determination.
The cloves were planted on both sides of the dripper line at distance of 7.5 cm apart. The cloves were planted on 15 and 20 September of 2014/2015 and 2015/2016 seasons, respectively. Sourcesof Nand P were ammonium sulfate (20.6% N) and calcium super phosphate (15.5% P 2 O 5 ), respectively. One third of these mineral fertilizers was added with all amount of both farmyard manure (30 m 3 /fed.) and biochar (3 m 3 /fed) during the soil preparation in the center of rows and covered by sand. Beginning one month after planting, the rest of calcium super phosphate fertilizer was divided into 7 equal amounts, and then added every 15 days intervals as a soil application and covered by sand, while, the rest amounts of ammonium sulfate fertilizer were added through the water irrigation (fertigationsystem) in20 equal dosesat7 days intervals. Other agricultural practices for commercial garlic production were carried out as recommended by the Egyptian Ministry of Agriculture.
Data Recorded Plant growth measurements
A random sample of sixgarlic plants were taken from each plot at 135 days after planting in both seasons and the following data were recorded:Plant height,number of leaves/plant, diameter of both neck and bulb (mm),andbulbin gratio = Neckdiameter/Bulb diameter as described by (Mann, 1952) . Dry weights of roots, leaves, bulband plant (dry weights of roots + leaves + bulb).
Yield and its components
At proper maturity stage of garlic bulbs (200 days after planting), bulbs in every plot wereharvested and graded into four categories according to the specification laid down by the EgyptianMinistry of Economic (1963) for garlic exportation, as follows:Grade 1: bulbs with diameter above 5.5 cm, grade 2: bulbs with diameter between 4.5 -5.5 cm, grade 3: bulbs with diameter between 3.5 -4.4 cm and grade 4: bulbs with diameter less than 3.5 cm. After that, each grade was separately weighed in the same day and the following data were recorded:Exportable yield = Grade 1 + Grade 2, Marketable yield = Grade 1 + Grade 2 + Grade 3, Total Yield = Grade 1 + Grade 2 + Grade 3 + Grade4 yields and average bulb fresh weight.
Bulb chemical composition
Fresh samples of 100 g of bulbs from the second season were oven dried at 70 o C till constant weight. The dry matter was finely ground and wet digested with sulfuric acid and perchloric acid (3:1). Nitrogen, phosphorus, potassium,nitrate and total carbohydrate contents were determined according to the methods described byBremner and Mulvaney (1982), Olsen and Sommers (1982) , Jackson (1970) , Cafado et al. (1975) and James (1995) respectively. While, total protein was calculated by multiplying total nitrogen x 6.25.
Feasibility study
The cost of production was analyzed with a view of find out the most profitable treatments. All the non-material and material input costs and interests on running capital were considered for computing the cost of production. Cost and return analysis was done in details according to the procedure of Perkins (1994) . Benefit cost ratio was calculated by the following formula: Benefit cost ratio=Gross return (Egyptian pounds (L.E.)/fed)/Total cost of production (L.E.)/fed).
Statistical Analysis
The data of this experiment were subjected to proper statistical analysis of variance according to Snedecor and Cocharan (1980) and the means separations were done using L.S.D. at 0.05 level.
Results and Discussion

Plant growth measurements
Data in Table 2 shows that garlic cv.Balady gave higher significant values of plant height in both seasons and leaf number/plant in the secondseason. On the other hand,Sids 40 cultivar gave higher significantvalues of both neck and bulb diametersin the secondseason only. However, there were no significant differences between both cultivars with respect to leaf number/plant and diameters of both neck and bulb in the firstseason and bulbing ratio in both seasons. These results might be attributed to the genetic structure of garlic cultivars (AbdelRazzak and El-Sharkawy, 2013) . Previous studies demonstrated that garlic cv. Balady gave higher values of plant length (Gad El-Hak & Abd ElMageed, 2000 , El-Shabasi, 2001 ,Hassan, 2002 , El-Sayed, 2004 , Al-Otayk et al., 2008 , Hosseny & Mahmoud, 2008 , Dawood, 2011 , Abdel-Razzak & El-Sharkawy, 2013 and Osman, 2015 , bulb diameter (El-Shabasi, 2001 ) and bulbing ratio (ElSayed, 2004) than Sids 40, while Sids 40 recorded taller plants (Abou El-Magd et al., 2012) higher number of leaves/plant (Hasan, 2002 , El-Sayed, 2004 , Dawood, 2011 , Abou El-Magd et al., 2012 and Osman, 2015 , and higher values of bulb diameter (El-Sayed, 2004 , Osman, 2015 than Balady cultivar. On the other hand, there were nosignificant differences between both cultivars in leaf number/plants (Hassan et al., 1990 andElShabasi, 2001 ) and neck diameter (Osman, 2015) .
Concerning the combinations among mineral NP, biofertilizers and biochar, obtained results in Table 2 indicate that fertilized garlic plants with 100% mineral NP (120kg N + 90 kg P 2 O 5 / fed) + Nr+ Pr + biochar gave the highest values of plant height, leaf number/plant and diameter of both neck and bulb in both seasons, without significant differences among 100%mineral NP +Nr + Pr, 75% mineral NP + Nr + Pr and 75% NP +Nr + Pr +biochar. This result may be due to the role of the used biofertilizers in the fixing of atmospheric N and transferring insoluble P in the soil to soluble form for absorption and up take by plants (El-Shaikh, 2005 and El-Habbasha et al., 2007) . Furthermore, the increments in plant growth due to biofertilizersapplication might be a result of thevital role of bacteria that present in the applied biofertilizer inproducingsome hormone substances, i.e. gibberellins, auxins and cytokinins (Tien et al., 1979 , Bouton et al., 1985 , Cacciari et al., 1989 and Noel etal., 1996 . These phytohormones may stimulate the cell elongation and development and hence plant growth (Paleg, 1985) . Moreover, the activity of these bacteria in the absorption zone of plant roots might improve soil fertility and consequently plant development by N-fixation and due to releasing of certain other nutrients, i.e. Fe, Zn and Mn (Bhande et al., 1997 and Awasthi et al., 1998) through the breakdown of organic materials in the soil and make these elements in available forms, as well as the efficient strains of bacteria that have the ability to bring insoluble phosphates in soil into soluble forms (phosphate solubilizing microorganisms) by secretic organic acids. These acids lower the pH and bring about the dissolution of bound forms of phosphate (Sethi & SubbaRao, 1968 and Gaur & Ostwal, 1972) . Microbial inoculants are carrier based preparations containing beneficial microorganisms is a viable state intended for seed or soil application and designed to improve soil fertility and help plant growth by increasing the number and biological activity of desired microorganisms in the root environment. Biochar addition to mineral fertilizer significantly increased plant growth, than chemical fertilizer alone (Schulz & Glaser, 2012 , Biederman & Harpole, 2013 and Crane-Droesh, et al., 2013 , Egypt. J. Hort. Vol. 44, No. 2 (2017) EFFECT OF MINERAL FERTILIZERS, BIOFERTILIZERS AND BIOCHAR… and also has the potential to significantly improve the water availability and retention properties of soils (Jha et al., 2010 , Jeffery et al., 2011 and Sun & Lu, 2014 . While, treated tomato plants by biochar positively enhanced plant height and leaf size .
As for the effect of interaction between cultivars and the combinations among mineral NP, biofertilizers and biochar, data in Table 2 illustrate that fertilizing garlic plants cv. Balady with 100% mineral NP + Nr + Pr + biochar gave the highest values of plant height at 135 days after planting in both seasons without significant differences among 100% mineral NP + Nr + Pr, 100% mineral NP +biochar and 75% mineral NP + Nr + Pr + biochar. Fertilized garlic plants with 100% mineral NP + Nr + Pr or75% mineral NP + Nr + pr +biochar recorded maximum values of leaf number/plant for Balady. Soil adding of100% mineral NP +Nr + Prand100 or 75% mineral NP + Nr + Pr + biocharsignificantly increased diameter of both neck and bulb for Sids 40. While, these interaction had no significant differences on leaf number, bulb diameter and bulbing ratio in the first season.
Dry weight of plant parts
Obtained results in Table 3 indicate that Sids 40 recorded higher values of dry weight of roots, bulb and whole plant, than Balady in both seasons. There were no significant differences between the two cultivars with respect to dry weight of leaves. The increases in totaldry weight were about 32.4 and 5.10% for Sids 40 over Balady cultivar in the firstand second seasons, respectively. Similar results were obtained by El-Shabasi (2001) , Hassan (2002) El-Sayed (2004) , Al-Otayk et al. (2008) and Osman(2015) who found that Chinese cultivar had higher dry weight of different plant parts, than Balady. On the contrary, Osman (1987) stated that dry weights of vegetative portions, bulb and whole plant of Balady were significantly higher than Sids 40.Also, Gad El-Hak and Abd El-Mageed (2000) showed that Balady cultivar showed higher values than Sids 40 in garlic plantdry weight.Besides, Hussein et al. (1995) found that Balady cultivar was the superior for leaf dry weight.
As for the effect of the combinations among mineral NP, biofertilizers and biochar,fertilized garlic plants with 100 or 75% mineral NP + Nr + Pr + biochar significantly increased dry weights of roots, bulb, leaves and whole plant in both seasons (Table 3 ). The increases in plant dry weight were about 15.10 and 40.48% for fertilizing with 100% mineral NP + Nr + Pr + biochar and 12.40 and 32.84% for fertilizing with 75% mineral NP + Nr + Pr + biochar in the firstand secondseasons, respectively.From the foregoing results, it could be concluded that fertilizing garlic plants grown in sandy soil with 75% mineral NP + Nr + Pr + biochar was the best treatments for enhancing height plant, number of leaves/plant, diameters of both neck and bulb, and dry weight of roots,leaves, bulb and whole plant. The effect of combinations among mineral NP, biofertilizers and biochar on dry weight of garlic plants might attributeto the increases in plant growth parameters (Table  2) . Biochar induced plant growth stimulation and this can be attributed thatbiochar addition caused a shift in microbial populations towards beneficial plant growth promoting rhizobacteria or fungi as a result of either chemical and physical attributes of the biochar . Also, Addition of biochar to soil often results in a significant augmentation of mycorrhizal fungi plant symbiotic interactions (Warnock et al., 2007) . Biochar improved dry weight of plant and this can be attributed to the direct effects via biochar supplied nutrients .
Concerning of the effectof the interaction between cultivars and the combinations among mineral NP, biofertilizers and biochar, obtained results in Table 3 illustrate that fertilizing of both Balady and Sids 40 cultivarwith 100 or 75% mineral NP + Nr + Pr + biochar significantly increased dry weight of roots, leaves, bulb and whole plant. The increases of total dry weight of whole plant were 18.42 and 44.52% for fertilizing Balady with 100% mineral NP + Nr + Pr +biochar in both seasons, respectively, and 52.22 and 38.87% for fertilizing Sids 40 plants with 100% mineral NP + Nr + Pr + biochar, as well as49.24 and 36.78% for fertilizing Sids 40 cultivarwith 75% mineral NP + Nr + Pr + biochar over the control (Balady with 100% mineral NP) in the firstand secondseason, respectively. From the foregoing results, it could be concluded that fertilizing with 75% mineral NP + Nr + Pr + biochar increased dry weight of roots, leaves, bulbs and whole plant for Balady and Sids 40 cultivars when grown under sandy soil conditions. Tables 4 and 5 show that there were no significant differences between Balady and Sids 40 cultivars with respect to yields of grades 1 and 2 and total, marketable and exportable yields in the first season and yield of grades 3 and 4 in the second season. Sids 40 cultivar recorded higher total, marketable and exportable yields in the second season and average bulb weight in both seasons, than Balady. Likewise, Hassan (2002) Concerning of the effect of the combinations among mineral NP, biofertilizers and biochar, obtained results in Tables 4 and 5 indicate that fertilized garlic plants with 100 or 75% mineral NP + Nr + Pr + biochar increased yields of grades 1, 2 and 3, and total, marketable and exportable yields/fed., as well as average bulb weight without significant differences among some treatments. The increases in total yield were about 18.72 and 13.58% for fertilizing with 100% mineral NP + Nr + Pr + biochar and 15.93 and 6.02% for the fertilizing with 75% mineral NP + Nr + Pr +biochar over the control in the first and second seasons, respectively. These results may be due to the role of biofertilizers i.e., Nitrobeine which fix atmospheric N and increase the available N to plant and the role of Phosphoreinon hydrolyzing the insoluble P into soluble one (SubbaRao, 1993) . These results may be due to the simulative effect of the growth promoting substances released by P-solubilizing bacteria on root initiation and formation, rather than to the effect of soluble phosphorus. The favorable effect of N and P chemical fertilizers and biofertilizers on total yield and its components could be explained through the great role of these fertilizers in enhancing plant growth rate, which exert direct effect on the yield and its components. In addition, the positive effects of biochar on the productivity could be attributed to effects of biochar on improvements of: soil cation exchange capacity (Cheng et al., 2006) , P and S transformations and turnover (Deluca et al., 2009) , soil physical properties including pH (Yamato et al., 2006) , water and nutrient retention (Chanet al., 2007 , Novak et al., 2009 , nutrients supply of plants , neutralization of phytotoxic compounds in the soil (Wardle et al., 1998) , promotionof mycorrhizal fungi (Warnock et al., 2007) and alteration of soil microbial populations and functions (Kolton et al., 2011) .
Yield and its components Data in
As for the effect of the interaction between cultivars and the combinations among mineral NP, biofertilizers and biochar, in general, data in Tables 4 and 5 indicate thatfertilized garlic plants with 100 or 75%mineral NP + Nr + Pr + biochar increased yields of grades 1, 2 and 3, and total, marketable and exportable yields/fed. for Balady cultivarin both seasons and for sids 40 in the firstseason, with no significant differences with fertilizing with 100% mineral NP + Nr + Pr with respect to Sids 40 cultivar, whereas fertilizing with 100% mineral NP + Nr + Pr + biochar increased yields of grades 1, 2 and 3,and total, marketable and exportable yields/fed.forSids 40 in the secondseason with no significant differences with 100% mineral NP + Nr + Pr and 100% mineral NP + 3 m 3 biochar/fed. As foraverage bulb weight, generally, fertilizing Sids 40 with 100 or 75% mineral NP + Nr + Pr + biocharincreased average bulb weight without significant differences with 100% mineral NP + Nr + Pr and 100% mineralNP + 3 m 3 biochar/fed.
Bulb chemical composition
There were no significant differences between Balady and Sids 40 cultivars with respect to contents of P, K, nitrate and total carbohydrates in bulbs at the harvest time (Table 6 ). Sids 40 cultivargave higher values of N and total protein in bulbs, than Balady. Similar trends were obtained by Shahien (1987) and Osman(2015) who, found that that Sids 40 produced markedly higher values N, protein and total carbohydrate contents in bulb. Besides, Shahien (1987) found that K content was higher in Balady than Sids 40, and there was no difference between both cultivars in P content. Also, Osman(1987) stated that Balady and Sids 40 plants did not show any significant effectin carbohydrate and protein contents.
Concerning the effect of the combinations among mineral NP, biofertilizers and biochar, data in Table ( 6) shows that the combinations among mineral NP, biofertilizers and biochar had no significant effect on N, P, total protein and total carbohydrates contents in garlic bulbs at the harvest time. Fertilizing garlic plants with 100 or 75% mineral NP + Nr + Pr increased K content in the bulbs without significant differences with Egypt. J. Hort. Vol. 44, No. 2 (2017) EFFECT OF MINERAL FERTILIZERS, BIOFERTILIZERS AND BIOCHAR… 100% mineral NP + biocharandwith100%mineral NP + Nr + Pr + biochar. As for nitrate content, fertilizing with 50% mineral NP and with 50% mineral NP + biochar gave the lowest values of nitrates content in the bulbs.The favorable effect of biofertilizer on chemical constituents ofbulb garlic plants may be due tothe fact that nonsymbiotic bacteria have the abilitytosupplytheplantswith N, certain micronutrientsand phytohormones that could stimulate nutrients absorption and photosynthesis and thereby increase chemical contents in different plant tissues (Bashan and Holguin, 1997) . Moreover, Jagnow et al. (1991) declared that, Azotobacter and Azospirillum strains produced adequate amounts of indole-3-acetic acid (IAA) and cytokinins, which increase the surface area perunit root length responsible for root hair branching with an eventual increase in the uptake of nutrients from the soil.
Theinteractionbetween cultivars and the combinations among mineral NP, biofertilizers and biocharhad no significant effect on N, P and total carbohydrates in the bulbs (Table 6) . As for nitrate content, fertilized Sids 40 plants with 50% mineral NP and 50% mineralNP + biochar gave the lowest values of nitrates content in garlic bulbs. Fertilized Sids 40 plants with 100% mineral NP + Nr + Pr, 100% mineral NP + biochar and 100% mineral NP + Nr + Pr + biochar gave the highest values of total K and protein contents in the bulbs.
Feasibility Study
Presented data in Table 7 show that fertilized garlic plants Balady cultivar with 100% mineral NP+ Nr + Pr + biochar gave the highest net returns which were 17165 and 24075 Egyptian pounds/fed., followed by the fertilizing with 75% mineral NP + Nr + Pr + biochar which were 15550 and 23414 L.E./fed. in the first and second seasons, respectively. Whereas, fertilized Sids 40 cultivar with 100% mineral NP + Nr + Pr gave the highest values of net return of 14631 and 23026 L.E./fed., followed by fertilizing with 100% mineral NP + Nr + Pr + biochar which were 14817 and 22151 L.E./fed.in the first and second seasons, consecutively. Net return and benefits ratio for all the interaction treatments were higher in the secondseason than in the firstseason, and this may be due to the price for ton in the secondseason was higher than price for ton in the first season. Previous results suggested that the continous increase in the applied biofertilizers cannot be used as substitutes for mineral NP fertilizers at all to meet the needs of plants to mineral nutrients, but they can be used to a limit extend alongside the mineral fertilizers to replace or reduce the application of mineral NP fertilizers to about 25% in order to save the high cost of chemical fertilizers, as well as to decrease the pollution of the environment and/or to produce healthy food for human.
Conclusion
Finally from the previous results, it could be concluded that fertilization of garlic plants Sids 40 or Baldy cultivargrown in sandy soil (El-Kassasein region, Ismailia Governorate, Egypt) with 100 or 75% mineral NP + 3 kg Nitrobein + 2 kg Phosphorein + 3 m 3 biochar/ fed.is efficienttreatment for improving plant morphological characters, dry weight, yields of grades 1 and 2, and marketable, exportable and total yields/fed.witha good bulb quality. Treated garlic plants by using biochar positively enhanced plant growth, productivity and yield quality, compared to fertilization with mineral or biofertlizers inoculation alone. In general, using suchprevious treatments could reduce the costs and increase net return of garlic production and keeps the environment out of pollution. 
